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ABSTRACT. - The aim of this work is to study the variation of the global chemical composition of five fish species of the 
coastal catch from the Gulf of Gabes: Diplodus annularis (L., 1758), Zosterisessor ophiocephalus (P., 1811), Liza aurata 
(R., 1810), Caranx rhonchus (G., 1817) and Boops hoops (L., 1758). The moisture, protein, fat and ash content variations 
according to sex, size, organs and meat parts of the muscle were examined. The muscle meat parts composition shows large 
variation between these species namely as regards moisture and fat contents. Fat content decreases from head to tail. The 
fish species and the position in fish body are the main factors explaining the variability of the muscle moisture content. 
Negative correlations between fat and moisture contents were observed in all species. The discriminant analysis of mois¬ 
ture, proteins, fat and ash contents measured in the muscles allowed the distinction of different fish groups according to 
their global chemical compositions. 


RESUME. - Variation de la composition chimique globale de cinq especes de poissons de la peche cotiere du golfe de 
Gabes (Tunisie). 

Ce travail porte sur F etude de la variation de la composition chimique globale de cinq especes de la peche cotiere du 
golfe de Gabes : Diplodus annularis (L., 1758), Zosterisessor ophiocephalus (P., 1811), Liza aurata (R., 1810), Caranx 
rhonchus (G., 1817) et Boops boops (L., 1758). La variation des constituants chimiques (eau, proteines, lipides et cendres) 
a ete examinee selon les especes et en fonction de la localisation des regions du corps, de la taille et du sexe. Les parties 
de la chair presentent des variations selon les especes. Ces variations sont importantes pour l’eau et les lipides et moins 
importantes pour les proteines et les cendres. Les teneurs en lipides montrent la presence d’un gradient anteroposterieur 
decroissant dans la chair des poissons. Les principaux facteurs expliquant la variabilite de la teneur en eau dans le muscle 
sont l’espece et les regions du corps. Des correlations negatives entre les teneurs en eau et en lipides ont ete observees pour 
les differentes especes. L’analyse discriminante a permis de distinguer differents groupes parmi les especes etudiees, en 
fonction de leurs compositions chimiques. 


Key words. - Diplodus annularis - Zosterisessor ophiocephalus - Liza aurata - Caranx rhonchus - Boops boops - MED - 
Tunisia - Coastal catch fish - Chemical composition - Muscle - Sex - Size. 


The fishery sector plays an important socioeconomic 
role in coastal countries. The world production of fishes and 
invertebrates is approximately 100 million tons annually. 
The average human consumption of fish is about 12 kg/per- 
son annually. In Tunisia, the halieutic production was esti¬ 
mated to 70,825 tons in 2008 and the coastal catch was about 
15,710 tons (DGPA, 2008). This coastal catch is witnessing 
a noticeable reduction since it decreased from 27626 tons 
in 1995 to 15,710 tons in 2008. As the fish stock tends to 
decrease, this natural food reserve should be preserved from 
contamination by toxic products as well as industrial waste. 
Moreover, the period, the quantity and the size of the catch 
should be seriously respected. 

As fish are among the most important products for human 
nutrition, sea food has received considerable attention due 
to its high biological values (Pigott and Tucker, 1990). Fish 
contains hydrosoluble and liposoluble vitamins and are a 


valuable source of protein and n-3 highly unsaturated fatty 
acids (Uaury and Valenzuela 1992; Holland et al., 1993). 

This work is a contribution to the chemical characteri¬ 
zation (moisture, protein, fat and ash) of five fish species 
among the most representative and the most consumed in 
the Gulf of Gabes (Tunisia): the annular sea bream Diplodus 
annularis, the grass goby Zosterisessor ophiocephalus, the 
golden grey mullet Liza aurata, the false scad Caranx rhon¬ 
chus and the bogue Boops boops. These fishes are consumed 
fresh, boiled in sauce, fried in oil, smoked and salted dried 
for a long conservation and they are available during all the 
year in the market, but with variable amounts. 

We have also examined, in the present work, the factors 
influencing this chemical composition (size, sex, meat posi¬ 
tion and species) and investigated the possibility of distin¬ 
guishing different groups of fish taking into account this glo¬ 
bal chemical composition. 
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Table I. - Fish names and size. 


Common name 

Latin name 

Minima 

size: Si 1 

Medium size: Si 2 

Maximal size: Si 3 

Weight 

(g) 

Length 

(cm) 

Weight 

(g) 

Length 

(cm) 

Weight 

(g) 

Length 

(cm) 

Annular sea bream (El) 

Diplodus annularis 

20-33 

12.1-12.5 

35-40 

12.4-13.2 

42-60 

13-14 

Grass goby (E2) 

Zosterisessor ophiocephalus 

20-35 

12.8-13.5 

36-50 

14.1-16.2 

60-75 

16.6-18.1 

Golden grey mullet (E3) 

Liza aurata 

48-61 

18.7-20.3 

88-113 

21-24.5 



False scad (E4) 

Caranx ronchus 



80-90 

20.4-22.2 



Bogue (E5) 

Boops boops 



55-80 

17.8-19 




MATERIAL AND METHODS 

Raw material and samples preparation 

Five teleost species [Diplodus annularis Linnaeus, 1758 
(Sparidae); Zosterisessor ophiocephalus Pallas, 1811 (Gobii- 
dae); Liza aurata Risso, 1810 (Mugilidae); Caranx rhonchus 
Geoffroy Saint-Hilaire, 1817 (Carangidae) and Boops boops 
Linnaeus, 1758 (Sparidae)] were purchased from the local 
fish market of Sfax (south of Tunisia) between December 
2005 and May 2006. In this period, all fish species are out of 
sexual activity except the goby. The fishes of a determined 
species were rapidly transported on ice to the laboratory for 
preparation to chemical analyses. The length and weight of 
the whole fish were measured in order to select homogenous 
samples (Tab. I). For each species, three sizes were distin¬ 
guished (minimal, medium and maximal). 

Several organs (liver, head, gonads and viscera) and 
muscles were dissected. Females and males were analysed 
separately because the species shows sexual dimorphism. 
Figure 1 shows the fish muscle divided into six parts (PI -> 
P6). Three laterodorsal parts (PI, P2 and P3) were obtained, 
where PI is the part of meat near the head and P3 is the part 
of meat near the tail. Three lateroventral parts were also 
distinguished (P4, P5 and P6), where P4 is the part near the 
head and P6 is the part near the tail. Part 2 and part 5 are 
located in the middle of the body. 

The five examined fish species were caught from the 
coast of the Gulf of Gabes (Fig. 2) 

Each fish species has its own biological cycle. False scad 
reproduces in summer. Their first sexual maturity is reached 



Figure 1. - Different parts of fish muscle. (1), (2), (3): laterodorsal 
parts. (4), (5), (6): lateroventral part. 


for 17 cm size approximately (Ben Salem and Ktari, 1980). 
False scad eats small fishes and invertebrates (FAO, 1973). 

Spawning of golden grey mullet is probably associated 
with sea water temperature. Sexual maturity is reached dur¬ 
ing the third year for the male and the fourth year for the 
female. Size at first sexual maturity is 21.58 cm, which cor¬ 
responds approximately to 3 years (Bedoui et al., 2002). 

Annular sea bream reproduces from February to Septem¬ 
ber. Its sexual maturity is reached after one year for a length 
of 8-10 cm. Both sexes are well distinguished but there are 
some cases of protandric hermaphrodism. Size at first sexual 
maturity is estimated for both sexes at 10.40 cm correspond¬ 
ing to an average age of approximately 1.5 year. 

The bogue moves in groups and can be seen on the sur¬ 
face especially during the night. It reproduces in February- 
April in the Eastern Mediterranean, and April-May in the 
Western Mediterranean. It is an hermaphrodite fish, gener¬ 
ally protogenic (FAO, 1973). Maturity is reached at one year 
for fish length of 13 cm in the Western Mediterranean. The 
young fishes are especially carnivorous and the adults are 
especially herbivorous. The laying of Boops boops of the 
gulf of Tunis extends from March to June (Anato and Ktari, 
1983). 

For the grass goby the period of reproduction occurs 
from February to May at the level of the Tunisian coasts. It 
is from March to May in the north of the Adriatic (Balestra 
et al ., 1989), from April to May in the estuary of Tuzlov and 
in July in Varna (Miller, 1986). The females carry out two 
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annual laying (Ota et al., 1996). The size of Zosterisessor 
ophiocephalus at the first sexual maturity is equal to 10.21 
cm for females and to 11.25 cm for males. 

Determination of the gonadosomatic and hepatosomatic 
indexes 

The gonadosomatic index GSI was calculated as fol¬ 
lows: 

GSI: (W g / W ev ) x 100, 

where W g = gonad weight; W ev = eviscerated fish weight. 
The hepatosomatic index HSI was calculated as follows: 
HSI: (W h /W ev )x 100, 

where W h = liver weight; W ev = eviscerated fish weight. 

The GSI allows distinguishing the various stages of fish 
sexual cycle. Whereas, a high HSI indicates an important fat 
storage in liver. 

The viscerosomatic index (VSI) was calculated as fol¬ 
lows: 

VSI: (W v / W ev ) x 100, 

where Wv = viscera weight; W ev = eviscerated fish weight. 

Global chemical analysis 

Chemical analyses were performed according to the 
AO AC (1984). Moisture content was measured by samples 
dehydration (in an oven at 105°C to a constant weight (48 h). 
The weight of the samples was determined by using a preci¬ 
sion scale lCf 4 g (Sauter). 

The moisture analysis was repeated 6 to 11 times. Fat, 
protein and ash measurements were repeated three times (by 
using 3 fishes) at first; the variability between samples was 
<5%. For the next analysis ten dry samples were crushed 
by a Moulinex® blender. The fish dry powder of n (6 to 11) 
meat parts or organs was divided into 3 parts (mi, m 2 and 
m 3 ) to determine the protein, fat and ash contents. All chemi¬ 
cal analyses were expressed in wet basis (g /100 g of fresh 
fish). 

Crude protein was determined from nitrogen content 
(N x 6.25) measured by using the Kjeldahl method (FAO, 
1977). This method is based on digesting 0.2 g of dry sample 
by 10 ml of sulfuric acid. Fat was extracted by Soxhlet appa¬ 
ratus using chloroform as a solvent. An amount of 3 g of dry 
samples was extracted by 120 ml of chloroform for every 
extraction. Ash was determined by incinerating 0.5 g of dry 


sample at 550°C for 4 hours until constant weight. 

Moisture, protein, fat and ash analysis were performed 
for the six meat parts of the fish muscles (PI -> P 6 ) and the 
head. Only moisture content was measured for the organs 
(gonads, viscera and liver) because the available product 
quantity was not enough to measure protein, fat and ash con¬ 
tents. 

Statistical analysis 

Moisture, protein, fat and ash contents are presented as 
mean values, MV, (g/100 g fresh fish) ± error deviation (ED). 
The coefficient of variation (CV) is calculated as follows: 

CV = (ED / MV) x 100 

The standard error of repeatability SER is calculated as 
follows: 

2 (mv - m ~ y - 

n -1 

where MV = mean value; MV = arithmetic average value 
and n = number of samples. 

All statistical analysis were performed by using SPSS 
software® version 13.0 (Statistical Package for Social Sci¬ 
ences). Three statistical treatments have been performed on 
experimental data: 

- In order to know the main factors of variation; an analy¬ 
sis of variance was performed for moisture, protein, fat and 
ash contents measured in the six meat parts of the muscle 
and for moisture content measured in the fish organs accord¬ 
ing to the factors sex, size, meat parts and fish species. 

- Correlation matrixes were established between different 
component contents (moisture, protein, fat and ash) meas¬ 
ured in the six meat parts of the muscle. 

- Discriminant analysis was applied to moisture, protein, 
fat and ash contents measured in the muscles of the differ¬ 
ent fish species. The object of this analysis was to gather the 
examined fishes in homogeneous groups according to their 
proximate chemical composition. 

Every factor presenting a p-value (p) inferior to 0.05 was 
considered significant. 



GSI 

MV ± ED 

VSI 

MV ± ED 

HSI 

MV ± ED 

Species 

Ma 

Fe 

Ma 

Fe 

Ma 

Fe 

El 

0.80 ± 0.05 

0.50 ±0.09 

7.61 ± 1.30 

7.04 ± 1 

0.73 ±0.08 

1.84 ±0.14 

E2 

1.16 ± 0.19 

19.53 ±2.30 

3.53 ±0.84 

2.82 ±0.6 

4.02 ± 1.20 

4.59 ± 1.02 

E3 

0.1 ±0.01 

0.31 ±0.16 

9.58 ± 1.36 

8.74 ±0.73 

2.57 ±0.55 

1.90 ±0.34 

E4 

0.16 ±0.02 

0.94 ±0.11 

2.67 ±0.25 

2.89 ±0.46 

0.60 ± 0.09 

0.87 ±0.27 

E5 

- 

0.91 ±0.19 

- 

5.21 ± 1.12 

- 

0.68 ±0.14 


Table II. - Gonadosomatic, viscero¬ 
somatic and hepatosomatic indexes 
(GSI, VSI and HSI) of the five species. 
Species named in table I. (MV ± ED: 
Mean value ± error deviation). 
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Table III. - Global chemical composition (g/100 g of fresh weight) of the 
studied parts of species medium size. Species named in table I. (MV ± ED: 
Mean value ± error deviation). 


Species 

Parts 

Moisture 
(MV ± ED) 

Protein 
(MV ± ED) 

Fat 

(MV ± ED) 

Ash 

(MV ± ED) 


PI 

73.61 ± 1.19 

20.32 ±0.30 

2.46 ±0.15 

3.66 ±0.01 

El 

P2 

71.61 ± 1.22 

20.89 ±0.30 

2.98 ±0.15 

3.86 ±0.06 

Females 

P3 

72.82 ±0.77 

20.50 ±0.30 

3.55 ±0.15 

3.56 ±0.01 


P4 

67.05 ± 1.86 

20.55 ±0.30 

9.04 ±0.15 

4.32 ±0.06 

n = 8 

P5 

64.44 ± 1.72 

20.89 ±0.30 

8.57 ±0.15 

4.36 ±0.06 


P6 

72.03 ±0.92 

21.28 ±0.30 

3.95 ±0.15 

4.16 ±0.06 


PI 

74.63 ±0.91 

19.80 ±0.25 

2.98 ±0.15 

3.28 ±0.09 

El 

P2 

73.91 ± 1.24 

19.81 ±0.25 

3.26 ±0.15 

3.21 ±0.09 

Males 

P3 

74.02 ±0.41 

19.88 ±0.25 

2.98 ±0.15 

3.55 ±0.09 


P4 

66.01 ± 1.05 

20.77 ±0.25 

7.09 ±0.15 

6.72 ±0.09 

n = 8 

P5 

67.70 ± 1.56 

20.00 ±0.25 

8.63 ±0.15 

4.42 ±0.09 


P6 

71.14 ± 1.09 

20.32 ±0.25 

3.85 ±0.15 

4.97 ±0.09 


PI 

78.82 ±0.78 

17.78 ±0.30 

1.10 ±0.15 

1.73 ±0.06 

E2 

P2 

78.49 ±0.82 

18.36 ±0.30 

0.93 ±0.15 

1.92 ±0.06 

Females 

P3 

78.03 ±0.71 

18.22 ±0.30 

1.79 ±0.15 

1.84 ±0.06 


P4 

77.95 ±0.91 

16.79 ±0.30 

1.03 ±0.15 

3.91 ±0.06 

n = 9 

P5 

79.35 ±0.85 

17.52 ±0.30 

0.83 ±0.15 

1.65 ±0.06 


P6 

78.12 ±0.78 

18.44 ±0.30 

0.80 ±0.15 

1.96 ±0.06 


PI 

79.01 ±0.95 

18.00 ±0.25 

0.75 ±0.15 

1.36 ±0.09 

E2 

P2 

78.85 ±0.70 

17.97 ±0.25 

0.74 ±0.15 

1.53 ±0.09 

Males 

P3 

78.53 ±0.94 

18.00 ±0.25 

0.76 ±0.15 

1.94 ±0.09 


P4 

78.18 ±0.59 

17.82 ±0.25 

1.30 ±0.15 

2.90 ±0.09 

n= 11 

P5 

79.13 ±0.81 

18.74 ±0.25 

1.06 ±0.15 

1.55 ±0.09 


P6 

78.41 ±0.79 

19.16 ±0.25 

0.89 ±0.15 

1.90 ±0.09 


PI 

77.00 ± 1.16 

19.36 ±0.30 

1.58 ± 0.15 

2.16 ±0.06 

E3 

P2 

76.83 ±0.92 

20.61 ±0.30 

1.37 ± 0.15 

2.87 ±0.06 

Females 

P3 

76.15 ±0.85 

19.91 ±0.30 

1.43 ±0.15 

3.33 ±0.06 


P4 

74.83 ± 1.50 

21.95 ±0.30 

2.12 ± 0.15 

3.36 ±0.06 

n = 7 

P5 

76.28 ± 1.48 

20.19 ±0.30 

1.87 ± 0.15 

2.90 ±0.06 


P6 

75.97 ± 1.14 

20.40 ±0.30 

1.51 ±0.15 

3.22 ±0.06 

E3 

Males 

PI 

74.72 ± 1.62 

21.27 ±0.25 

1.09 ±0.15 

2.39 ±0.09 

P2 

74.57 ± 1.54 

20.99 ±0.25 

1.12 ± 0.15 

2.79 ±0.09 

P3 

74.78 ± 1.25 

21.46 ±0.25 

1.37 ± 0.15 

2.73 ±0.09 

n = 6 

P4 

70.14 ±2.30 

20.94 ±0.25 

2.64 ±0.15 

4.90 ±0.09 

P5 

72.41 ±2.71 

22.62 ±0.25 

2.35 ±0.15 

2.38 ±0.09 


P6 

74.07 ± 1.62 

21.90 ±0.25 

1.36 ± 0.15 

2.75 ±0.09 

E4 

Females 

PI 

78.98 ± 1.17 

17.56 ±0.30 

1.03 ±0.15 

1.85 ±0.06 

P2 

78.74 ±0.75 

18.92 ±0.30 

2.61 ±0.15 

1.65 ±0.06 

P3 

75.67 ± 1.17 

20.98 ±0.30 

3.04 ±0.15 

3.07 ±0.06 

n = 8 

P4 

76.34 ± 1.34 

19.28 ±0.30 

1.66 ±0.15 

3.80 ±0.06 

P5 

78.10 ± 1.37 

18.47 ±0.30 

1.33 ±0.15 

1.82 ±0.06 


P6 

76.14 ± 1.29 

21.49 ±0.30 

1.19 ±0.15 

2.35 ±0.06 

E4 

Males 

PI 

76.80 ± 1.05 

18.60 ±0.25 

2.62 ±0.15 

1.19 ±0.09 

P2 

76.27 ± 1.29 

19.65 ±0.25 

2.35 ±0.15 

1.13 ±0.09 

P3 

75.46 ± 1.11 

20.25 ±0.25 

2.41 ±0.15 

1.96 ±0.09 

n = 7 

P4 

74.32 ± 1.04 

19.00 ±0.25 

4.53 ±0.15 

1.88 ±0.09 

P5 

75.63 ± 1.23 

19.94 ±0.25 

3.15 ±0.15 

1.23 ±0.09 


P6 

74.49 ± 1.39 

22.11 ±0.25 

2.52 ±0.15 

1.42 ±0.09 


PI 

75.70 ± 1.16 

18.28 ±0.30 

2.99 ±0.15 

2.41 ±0.06 

E5 

P2 

75.50 ± 1.18 

18.69 ±0.30 

2.49 ±0.15 

2.36 ±0.06 

Females 

P3 

74.82 ±0.90 

19.13 ±0.30 

2.65 ±0.15 

2.72 ±0.06 


P4 

71.36 ± 1.63 

16.76 ±0.30 

6.61 ±0.15 

4.41 ±0.06 

n= 11 

P5 

73.94 ± 1.31 

18.70 ±0.30 

5.41 ±0.15 

2.85 ±0.06 


P6 

74.79 ± 1.31 

18.95 ±0.30 

3.13 ±0.15 

2.52 ±0.06 


RESULTS 

The values of gonadosomatic, viscerosomatic 
and hepatosomatic indexes are presented in table II. 
The gonadosomatic indexes of annular sea bream 
(El), golden grey mullet (E3), false scad (E4) 
and bogue (E5) were lower than 1%. The females 
of grass goby (E2) had an index value of about 
19.53 ± 2.30%. So the examined fish species were 
on rest sexual activity except the grass goby, which 
was on sexual activity. The hepatosomatic index of 
the grass goby was high: about 4.30 ± 0.28%. So the 
fat was stored in the grass goby liver. For the vis¬ 
cerosomatic indexes, the golden grey mullet showed 
the highest value for males and females, respective¬ 
ly 9.58 ± 1.36% and 8.74 ± 0.73%. Female grass 
goby presented the lowest value of viscerosomatic 
index (2.82 ±0.6%). 

Repeatability of measurements 

The mean values, the standard error of repeat¬ 
ability and the corresponding coefficients of vari¬ 
ations of moisture, protein, fat and ash contents 
measurements (g/100 g of fresh fish) were deter¬ 
mined for the muscles and the different organs. The 
values of the coefficient of variation of all measure¬ 
ments were inferior to 5%. 

Chemical composition of the muscle 

Table III shows the chemical composition of 
five species of medium size for different sexes, 
muscles parts and fish species. The highest mois¬ 
ture content was located in part 5 of grass goby 
female (79.35 ± 0.85%). The protein content of the 
different parts of the muscle was high (from 16.79 
to 22.62%). The annular sea bream parts were fat¬ 
ter than the other ones. The ash content varied 
from 2.01 ± 0.68 g/100 g fresh fish (grass goby) to 
4.17 ± 0.91 g/100 g fresh fish (annular sea bream), 
when taking into account males and females and the 
six meat parts. The highest ash content (6.72%) was 
obtained for P4 the meat parts of the annular sea 
bream male. 

The comparison of the chemical composition 
of annular sea bream according to sex revealed that 
females were fatter but males were richer in mois¬ 
ture and ash. 

For the grass goby, the males and the females 
showed the same order of variation in the global 
chemical composition. The males of false scad were 
richer in fat than females and were less hydrated. 

The proximate chemical composition (average 
values determined on the six meat parts of males and 
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He PI P2 P3 P4 P5 P6 


Parts of the fish muscle 

Figure 3. - Fat content of the head and the six meat parts of the 
muscle (sex, size and species are confounded) (Fie: head, PI to P6: 
meat parts of the muscle). 


females) of the fish muscles showed a high nutritional value. 
In fact, protein content varied from 18.06 ± 0.57 g/100 g 
fresh fish (grass goby) to 20.96 ± 0.56 g/100 g fresh fish 
(golden grey mullet). The fat content ranged from a low 
content (0.99 ± 0.08%) for grass goby to a medium content 
(4.94 ± 0.14%) for annular sea bream. 

Distribution of fat content in the body 

Figure 3 shows the average fat content of the six parts 
of the muscles and the head (sexes, sizes and fish species 
are confounded). An anteroposterior gradient of fat content 
decreasing from the head (= 7%) to part 6 of the meat muscle 


Table IV. - Moisture content of organs according to fish species and sex. Species names in table I. 


Organs 

Species 

Sexes 

Mean values 

Standard deviation 

Minimal level 

Maximal level 

Liver 

El 

Females 

71.00 

2.60 

65.65 

76.50 



Males 

71.85 

4.50 

62.45 

81.20 


E2 

Females 

38.50 

3.20 

31.80 

45.20 



Males 

36.50 

3.25 

29.70 

43.30 


E3 

Females 

74.00 

3.20 

67.35 

80.80 



Males 

76.65 

4.50 

67.30 

86.05 


E4 

Females 

75.30 

4.50 

65.90 

84.65 



Males 

73.60 

4.50 

64.20 

83.00 


E5 

Females 

72.10 

4.50 

62.70 

81.50 



Males 

- 

- 

- 

- 

Gonad 

El 

Females 

77 

2.60 

71.55 

82.40 



Males 

75.25 

4.50 

65.85 

84.60 


E2 

Females 

71.70 

3.20 

64.95 

78.40 



Males 

72.90 

3.20 

66.10 

79.70 


E3 

Females 

78.50 

3.20 

71.80 

85.25 



Males 

82.15 

4.50 

72.75 

91.55 


E4 

Females 

77.85 

4.50 

68.50 

87.25 



Males 

71.20 

4.50 

61.80 

80.55 


E5 

Females 

80.75 

4.50 

71.35 

90.10 



Males 

- 

- 

- 

- 

Head 

El 

Females 

64.40 

2.60 

59.00 

69.90 



Males 

65.40 

4.50 

56.00 

74.80 


E2 

Females 

76.45 

3.20 

69.70 

83.20 



Males 

75.90 

3.25 

69.10 

82.70 


E3 

Females 

66.20 

3.20 

59.45 

72.90 



Males 

73.60 

4.50 

64.20 

82.95 


E4 

Females 

75.00 

4.50 

65.60 

84.40 



Males 

71.65 

4.50 

62.25 

81.00 


E5 

Females 

71 

4.50 

61.60 

80.35 



Males 

- 

- 

- 

- 

Viscera 

El 

Females 

60 

2.60 

54.55 

65.40 



Males 

73.50 

4.50 

64.10 

82.90 


E2 

Females 

77.35 

3.20 

70.65 

84.10 



Males 

78.50 

3.25 

71.70 

85.30 


E3 

Females 

73.65 

3.20 

66.95 

80.40 



Males 

79.90 

4.50 

70.50 

89.25 


E4 

Females 

80.50 

4.50 

71.10 

89.85 



Males 

72.70 

4.50 

63.30 

82.05 


E5 

Females 

80.30 

4.50 

70.90 

89.70 



Males 

- 

- 

- 

- 
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was observed. So the lateroventral muscle parts were fatter 
(=; 3.05%) than the laterodorsal (~ 2.70%) meat parts (PI, P2 
and P3). 

Variation of moisture content of the organs 

The mean values of moisture content of the organs are 
presented in table IV. Moisture content of the liver varied 
between 71 to 76.65 g/100 g fresh fish, according to the spe¬ 
cies, except for the liver of grass goby which showed the 
lowest moisture content (36.50 g/100 g fresh fish for males 
and 38.50 g/100 g of fresh fish for females). The gonads of 
bogue were the moistest organs (=; 80.75 g/100 g fresh fish). 

The head of annular sea bream was the least humid. Its 
moisture content varied from 64.40 g/100 g fresh fish for 
males to 65.40 g/100 g fresh fish for females. The head of 
grass goby was the most humid. Its moisture content varied 
between 69.10 to 83.20 g/100 g of fresh fish. Annular sea 
bream viscera had the highest fat content and the lowest 
moisture content. 

The variance analysis of moisture content according to 
size, sexes, organs and species is presented in the first line 
of table V. Every factor presenting a p-value (p) inferior 
to 0.05 was considered significant. Moisture content var¬ 


ied significantly according to organs (p < 0.001), fish spe¬ 
cies (p < 0.001) and the interaction between both factors 
(p < 0.001). Size and sex did not have any significant effect 
on the variation of the organs moisture content (p = 0.44 for 
the size and p = 0.41 for the sexes). 

The variance analysis of moisture, protein, fat and ash 
contents according to size, sexes, parts and fish species pre¬ 
sented in table V shows that moisture, protein, fat and ash 
contents varied significantly according to meat parts, fish 
species (p < 0.001). For the interaction between both factors, 
moisture and fat contents varied significantly (p <0.001). 
Whereas size and sexes had no significant effect on this vari¬ 
ation; except for fat content, on which size had a significant 
effect (p <0.001). 

Correlation between different chemical components 

Correlation matrixes between moisture, protein, fat and 
ash contents of the six meat parts of the muscles (for all spe¬ 
cies confounded and for each fish species) are presented in 
table VI, where R is the coefficient of correlation and p is the 
p-value. There is negative correlations for “fat-moisture”, 
“protein-ash” and “moisture-ash” contents and a positive 
correlation for “fat-ash” contents. Significant correlations 
(at 95%) are “fat-moisture” (p < 10 3 
and R = -0.85) and “ash-moisture” 
(p < lO’ 3 and R = -0.646). 

The matrixes of correlations 
between the different analysed com¬ 
pounds were also established for each 
species separately to check if the same 
type of correlation was kept and if the 
values of the statistical parameters (R 
and p) were improved. Indeed, if the 
correlation type was not the same for 
all species, the intensity of the corre¬ 
lations determined for all fishes could 
be affected. 

The statistical parameters (correla¬ 
tion coefficient, R and p values) were 
clearly improved if each species was 
examined separately (R increases and 
p decreases). On the other hand, the 
intensity of the correlations varied 
according to the species. Indeed, some 
species showed strong correlations 
“fat-moisture” such as bogue (E5), 
golden grey mullet (E3), false scad 
(E4) and annular sea bream (El). The 
grass goby (E2) showed insignificant 
“fat-moisture” correlation. Further¬ 
more, for “fat-moisture”, “fat-pro¬ 
tein”, “ash-moisture”, “ash-protein“ 
and “ash-fat” contents, the correlation 


Table V. - Variance analysis of moisture content according to the factors organs, sexes, spe¬ 
cies and size and of moisture, protein, fat and ash contents according to the factors parts, 
sexes, species and size of the fishes (HS = highly significant, p < 0.01; NS = not significant, 
p >0.05; S = significant,p < 0.05). 


Factors 

F 

(Fisher number) 

P 

(p-value) 

Significance level 


Size 

0.59 

0.44 

NS 


Sexes 

0.69 

0.41 

NS 

Moisture 

Organs 

12.57 

<10‘ 3 

HS 


Species 

11.19 

<10‘ 3 

HS 


Organs x species 

16.51 

<10‘ 3 

HS 


Moisture 

4.24 

0.04 

S 

Sexes 

Protein 

3.16 

0.08 

NS 

Fat 

0.02 

0.88 

NS 


Ash 

3.59 

0.06 

HS 


Moisture 

0.1 

0.75 

NS 

Size 

Protein 

8.65 

0.005 

S 

Fat 

15.15 

<10‘ 3 

HS 


Ash 

5.43 

0.02 

S 


Moisture 

90.18 

<10‘ 3 

HS 

Species 

Protein 

11.11 

<10‘ 3 

HS 

Fat 

29.06 

<10‘ 3 

HS 


Ash 

34.54 

<10' 3 

HS 


Moisture 

14.06 

<10' 3 

HS 

Meat parts 

Protein 

14.62 

<10‘ 3 

HS 

Fat 

17.13 

<10‘ 3 

HS 


Ash 

67.45 

<10‘ 3 

HS 


Moisture 

2.87 

<10‘ 3 

HS 

Species x parts 

Protein 

Fat 

0.78 

3.34 

0.74 

<10‘ 3 

NS 

HS 


Ash 

1.05 

0.42 

NS 
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Moisture content (%) 

Figure 4. - Relationship between fat and moisture contents for all 
species (parts of muscle and head confounded) . 


was the same when species were examined together or sepa¬ 
rately. The correlation was positive for “ash-fat” and nega¬ 
tive for the others. 

Besides, “protein-moisture” correlation which was nega¬ 
tive and insignificant in the global correlation matrix became 
positive and significant for some fishes. The correlation type, 
“protein-moisture” varied according to the species examined. 
This correlation was significant for Boops hoops, Zosterises- 
sor opltiocephalus and Liza aurata (p <0.05) and it was insig¬ 
nificant for Caranx rhonchus and Diplodus annularis. The 
“fat-moisture” correlation was significant for all species and 
it was the strongest one for the majority of the species (annu¬ 
lar sea bream, golden grey mullet, false scad, bogue) and also 
for all species when analysed together. Figure 4 shows the 
relationship between fat and moisture contents (g/100 g fresh 
weight) for all species (parts of muscle and head confound¬ 
ed). The expression of the last correlation is: 

Fat content = - 0.61 x Moisture content + 47.28; 
R = - 0.85; p < 10" 3 , n = 98. 

Discriminant analysis of the analysed chemical contents 

Figure 5 shows two axes: axis 1 presents the correlation 
moisture (R = +0.83) - fat (R = -0.43) and axis 2 presents the 
correlation protein (R = +0.37) - ash (R = +0.38). The pres¬ 
ence of a moisture-fat axis confirmed the previous results of 
correlation matrixes showing that fat-moisture correlation 


was the most significant. 

Axis 1 separates the grass goby (a lean fish) from the 
annular sea bream (a fatty fish) fish. Grass goby presents a 
high content of moisture and is located at the right side of 
axis 1. Annular sea bream presents a high content of fat and 
is located at the left side of axis 1. On axis 2, all the species 
overlap except the false scad, which is located at the top of 
axis 2, corresponding to fishes having a higher protein con¬ 
tent. 

Thus, the discriminant analysis allowed separating in 
space three fish groups according to their global chemical 
composition: 

- fish with a low fat muscle content with higher content 
of moisture, such as the grass goby; 

- the fat fish such as annular sea bream and golden grey 
mullet; 

- fish with a high muscle protein content such as the false 
scad. 


DISCUSSION 

The results of the global chemical compositions of fish 
muscles (Tab. Ill, IV) are in agreement with the data report¬ 
ed in the literature (Stansby, 1962). According to Bougis 
(1952), the thin fish, belonging to the Gadus type, store 
some fat reserves in their liver to be ready for reproduction. 
The value of hepatosomatic index of the grass goby is high 
(4.6%), indicating that the fat is stored in the liver (44.04%). 
During the maturation of the sexual products, these fish use 
their proteins content from the muscles and fat content from 
the liver. This result is in accordance with the literature; 
in fact, the chemical composition of the fish is extremely 
related to their sexual cycle (Kozlova, 1997; Abdelmouleh, 
1997). The period preceding the laying is characterized by 
the accumulation of nonlipidic reserves in the muscles espe¬ 
cially the proteins. The fish belonging to the Mullus type 
store the fat in the muscle. Annular sea bream is a particu¬ 
lar example for the storage of fat in the muscle. During the 


Table VI. - Correlation matrixes of moisture, protein, fat and ashes contents of the muscle established for each fish species and all fish 
species confounded. Species names in table I. A: ash; F: fat; M: moisture; p: p value determined at 95% of significance, significant for 
p < 0.05; P: protein; R: correlation coefficient). 


Correlation 

Species 

All species confounded 

El, n = 28 

E2, n = 28 

E3,n = 21 

E4,n= 14 

E5, n = 7 

D 

II 

OO 

R 

P 

R 

P 

R 

P 

R 

P 

R 

P 

R 

P 

P-M 

0.13 

0.50 

0.42 

0.02 

0.56 

0.01 

0.17 

0.56 

0.78 

0.04 

-0.11 

0.26 

F-M 

-0.75 

< 10' 3 

-0.29 

0.14 

-0.89 

< 10' 3 

-0.78 

0.001 

-0.97 

< 10' 3 

-0.83 

< 10' 3 

F-P 

-0.61 

< 10' 3 

-0.04 

0.83 

-0.79 

< 10' 3 

-0.57 

0.03 

-0 .86 

0.01 

-0.26 

0.009 

A-M 

-0.62 

< 10' 3 

-0.8 

< 10' 3 

-0.7 

< 10' 3 

-0.45 

0.10 

-0.90 

0.006- 

-0.64 

< 10' 3 

A-P 

-0.54 

0.00 3 

-0.57 

< lO' 3 

-0.75 

< 10' 3 

-0.75 

0.002 

-0.96 

0.001 

-0.38 

< 10' 3 

A-F 

0.79 

< 10' 3 

0.23 

0.24 

0.72 

< 10' 3 

0.54 

0.04 

0.93 

0.003 

0.67 

< 10' 3 
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Fat Axis 1 Moisture ^ 

O Annular sea bream 
Q Grass goby 

Species A Golden grey mullet 
O False scad 
© Bogue 

Figure 5. - Discriminant analysis of moisture, protein, fat and ash 
contents of muscles. 

sexual activity, period corresponding to a low level of feed¬ 
ing, the fish shows a high gonadosomatic index and a low 
viscerosomatic one. 

According to the classification of fishes (Boyer et al., 
1995) based on their fat content, golden grey mullet and 
false scad could be considered as a medium-fat fish category 
=; 2.5% (g fat/100 g fresh fish), whereas annular sea bream 
and bogue could be considered as fat fish categories =; 5 to 
25% (g fat/100 g fresh fish) and grass goby as a lean fish 
= 1%. The lowest amounts of protein, fat and ash were found 
in the goby fish. The goby is the thinnest among the ana¬ 
lysed fishes and it could be recommended to people being on 
a light diet. This fish classification is in agreement with the 
result of discriminate analysis (Fig. 5). 

The lateroventral parts of the muscle are fatter than the 
laterodorsal meat parts (Fig. 3). This result is in agreement 
with what has been mentioned by Thakur et al. (2002) for 
cultured yellowtail (Seriola quinqueradiata). The fat and 
moisture content gradients observed throughout the fish 
body are in agreement with the result obtained by Date and 
Yamamoto (1988) and by Abdelmouleh (1997). The authors 
reported a higher moisture content of the caudal muscle. 
The ventral parts of the meat muscle (P4 and P5) present the 
highest fat contents (Tab. III). This result is also in agree¬ 
ment with the observations of Bell et al. (1998) which indi¬ 
cate that in farmed Atlantic salmon (Salmo salar ) the highest 


fat level is in the region located immediately in front of the 
dorsal fin while the lowest one is localized in the tail region. 

The factors influencing the moisture content shown to be 
significant in this present work for all the studied fish spe¬ 
cies are organs, meat parts location and species. Flowever, 
sex and size have no significant effect on global chemical 
composition of the examined fishes. 

The mean values of moisture content measured in fish 
organs (Tab. IV) are in accordance with the analysis of fat 
content, which indicates that grass goby is the less fatty fish 
and that the fat reserves are stored in the liver as reported by 
Boyer et al. (1995). 

The fish species (annular sea bream, golden grey mullet, 
false scad and bogue) muscle composition analysed by cor¬ 
relation matrix showed a strong “fat -moisture” correlation, 
and a strong “protein-ash” correlation (Tab. VI). The nega¬ 
tive correlation between fat and moisture contents is largely 
known in the literature (Kizevetter, 1973; Perez-Villareal 
and Pozo, 1990; Mendez and Gonzalez, 1997; Grigorakis et 
al., 2002). This correlation could be explained by the hydro- 
phobic character of fat. Indeed, the fat content is always con¬ 
centrated in less hydrated tissues. 

Discriminant analysis separates three groups (Fig. 5), a 
finding in agreement with the results of the correlation matri¬ 
ces. 

Marine food is able to provide the human organism with 
cellular maintenance and essential building materials. The 
muscle of thin fish, such as the goby, has an energy value 
slightly lower than that of beef but it is more digestible 
(Sainclivier, 1983). The energy given by fatty fish as the 
annular sea bream is equivalent to that of the meat of mam¬ 
mal, but it has the advantage of containing a greater quan¬ 
tity of iodine and liposoluble vitamins, especially vitamins 
D which misses in human food (Sainclivier, 1983). The low 
content of conjunctive tissue and the short length of muscle 
fibres facilitate the hydrolysis of fish proteins. Consequently 
the examined fish could be recommended for human nutri¬ 
tion. The high-nutritional value of annular sea bream, grass 
goby, golden grey mullet, false scad and bogue (low fat con¬ 
tent and high proteins content) makes these species highly 
suitable for commercial exploitation. However, the exploita¬ 
tion of these species should be carefully managed according 
to the assessment of the overall impact of the coastal catch 
fish species of the Gulf of Gabes. 

CONCLUSION 

The variation of the global chemical composition (mois¬ 
ture, protein, fat and ash) of five species of the coastal catch 
fishes of the gulf of Gabes (annular sea bream, grass goby, 
golden grey mullet, false scad and bogue) is significant 
according to species and parts of the muscles or organs. The 
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anteroposterior gradient of fat content, decreasing from head 
to tail, was observed throughout the examined fish body. The 
lateroventral meat parts of the muscle are fatter than the lat- 
erodorsal ones. A negative correlation between moisture and 
fat contents was observed for all fish species whatever the 
meat location. 
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